Facioscapulohumeral muscular dystrophy (FSHD) is a slowly progressive primary disease of muscle that is inherited as an autosomal dominant disorder, although isolated and autosomal recessive cases have been described. ' The incidence has been variously estimated at 1 to 10 cases per 100 000. 2 There is considerable variability in the age of onset and severity, but the disease usually manifests itself in the second to third decade oflife."4 Early symptoms usually involve facial or shoulder girdle weakness. FSHD is progressive in the majority of patients spreading to the abdominal, foot, arm, and pelvic girdle muscles. 4 In addition to muscle involvement, retinal vasculopathy and high frequency hearing loss is observed in some FSHD patients. 56 Linkage of FSHD1A was originally established to the 4q35-qter region.78 Subsequently, the isolation of the p 1 3E-1 1 probe (D4F104S1), which was developed from a cosmid isolated using a Hox probe, and which detects de novo rearrangements on sporadic and familial FSHD blots, led to further fine mapping of the chromosome 4 FSHD region.910 Specifically, in 10 Dutch families an EcoRI fragment shorter than normally observed in controls was found to co-segregate with FSHD1A. This has led to the suggestion that a defect in a homeobox gene associated with muscle development may be the underlying defect in chromosome 4q linked FSHD.'0
The FSHD associated rearrangements detected by the p1 3E-1 1 probe were subsequently shown to be associated with the loss of integral numbers of copies of a 3 2 kb tandem repeat (D4Z4),"" although a number of crossovers have been observed. Simulation analysis of family 689 was performed to assess the power of this family to detect linkage. Analyses were carried out with the SIMLINK computer program2l 22 using both complete family information, with risk classes outlined above, and using affecteds only.
Two point linkage analysis was used in subprogram MLINK of the LINKAGE program package (version 5.15). The multipoint analyses were performed using the FASTLINK version 324 of the LINKMAP subprogram of LINKAGE.25 Since the markers used are multiallele marker systems, the markers were recoded to three four allele systems for computational feasibility26 in the multipoint analysis. To ensure that the recoding of alleles did not alter the interpretation of results, the two point lod scores calculated using the full set of alleles were compared to those generated from the recoded alleles and only minor variations were seen between the two sets ofresults. Multipoint location scores were calculated as the log,0 likelihood difference of FSHD1B placed at a relative position on a fixed map of loci, versus the unlinked state. Map distances were converted to recombination fractions allowing for a Kosambi level of interference.
Visual inspection of the genetic data for each of the four candidate regions was performed using the two most widely spaced markers flanking the region in affected family members only. A region was considered to be excluded when at least two affected family members had entirely different haplotypes inherited from their affected parent.
Results
Simulation studies using both an age adjusted and a low penetrance analysis verified that Duke 689 is capable of yielding significant lod scores (Z>3 00) with 92% probability for 
